Aims To evaluate the relationship of axial length (AXL), intraoperatively assessed posterior vitreous detachment (PVD) status, and surgical outcomes of diabetic vitrectomy. Methods Retrospective, consecutive case series. Clinical records were reviewed for 115 eyes (50 males, 65 females) with more than a 6-month follow-up who underwent diabetic vitrectomy from a single surgeon. Thirty-three eyes had vitreous haemorrhage, 37 had tractional retinal detachment (TRD) threatening the macula, 43 had TRD involving the macula, and two had neovascular glaucoma. AXL was measured preoperatively by ultrasonography, and PVD status was classified intraoperatively: broad vitreo-retinal adhesion as no PVD, PVD at the macular area with attachment at the disc as incomplete PVD, and complete PVD. Results Forty-four eyes had no PVD, 23 had incomplete PVD, and 48 had complete PVD. A majority of the no PVD group had macula off TRD (97.7%), whereas vitreous haemorrhage (68.7%) predominated in the complete PVD group. Longer AXLs were noted in the complete PVD group compared with the no PVD and incomplete PVD groups (ANOVA in three groups P ¼ 0.0001). Univariate analysis showed that AXL had an influence on anatomical success (P ¼ 0.02). Multiple logistic regression analysis yielded that PVD status is a significant predictor of the final best corrected visual acuity (BCVA)420/100, and BCVA420/40 (P ¼ 0.01, P ¼ 0.02). Conclusions Intraoperatively assessed PVD status is a prognostic factor for functional outcomes of diabetic vitrectomy. Shorter AXL was associated with lesser PVD. In eyes with a lack of PVD, careful timing and decision of surgery are mandatory.
Introduction
According to the Early Treatment Diabetic Retinopathy Study, at least 5% of eyes receiving optimal medical treatment have progressive retinopathy that requires laser treatment and pars plana vitrectomy (PPV). Advances in instrumentation and surgical techniques have improved the outcomes of diabetic vitrectomy. However, the functional results are occasionally disappointing, even in eyes with successful operations, and vitreous surgery has a potential for severe complications in diabetic eyes. 1 General categories of surgical indications for diabetic vitrectomy include eyes with media opacity and vitreo-retinal traction. 1 Tractional retinal detachment (TRD) with progressive fibrovascular proliferation (FVP) is an important indication for vitrectomy. If the posterior hyaloid is attached and has a broad vitreoretinal adhesion (VRA) to the underlying retina, extensive dissection of the FVP may lead to more intraoperative complications. 2 The lack of posterior vitreous detachment (PVD) is presumed to be an important factor associated with visual prognosis in these patients, 3 but it has not been previously evaluated.
In diabetic eyes with media opacity, preoperative ultrasound (US) examination may reveal the presence of PVD, but the detailed vitreo-macular configuration cannot be accurately evaluated. Occasionally, surgeons may encounter strong VRA on the macula during vitrectomy in cases with PVD detected by US. Accurate and adequate diagnostic tools for evaluating the vitreous is not yet available, and therefore PVD is perhaps the least accurate diagnosis entertained by ophthalmologists on a daily basis. 4 On the other hand, axial length is easily measured with preoperative US biometry, regardless of media opacity. In the normal population, PVD is reported more frequently in moderate or high myopia than in emmetropia, and axial length is a significant factor in the development of PVD in high myopia. [5] [6] [7] To estimate surgical outcomes of diabetic vitrectomy in relation to the severity of VRA, we studied the relationship between the intraoperatively confirmed PVD status and the preoperatively measured axial length in patients undergoing diabetic vitrectomy, and examined their influence on surgical outcomes.
Materials and methods
This study was a retrospective, consecutive, non-randomized, interventional case series. It was conducted in accordance with the principles of the Declaration of Helsinki and performed under the approval of the Institutional Review Board of Gangnam Severance Hospital, Yonsei University College of Medicine, Seoul, Republic of Korea. We reviewed the clinical records for diabetic retinopathy patients who had undergone diabetic vitrectomy and were evaluated at least 6 months postoperatively by a single surgeon (SSK) between March 2002 and December 2005 at Gangnam Severance Hospital. When both eyes met the inclusion criteria, one randomly selected eye was included. Patients included in this study had no previous PPV or intravitreal injections aside from laser photocoagulation or posterior subtenon steroid injections for diabetic macular oedema and/or proliferative diabetic retinopathy (PDR). Cases with diabetic macular oedema were excluded because the nature and prognosis may differ from PDR cases. Eyes with a history of ocular trauma, intraocular surgery other than cataract surgery, and uveitis were also excluded.
The following preoperative data were obtained for each patient: age, gender, best corrected Snellen visual acuity (BCVA), axial length measured with ultrasound biometry, combined systemic diseases, preoperative scattered laser treatment (PRP), and preoperative posterior subtenon steroid injection. BCVA was converted to units of the logarithm of the minimum angle of resolution (logMAR BCVA) to facilitate statistical comparison. 8 All patients underwent standard 20-G 3-port PPV on their affected eyes. PVD status was classified into three groups by intraoperative evaluation of the configuration of VRA around the macula and optic nerve. Broad VRA without separation of the posterior hyaloid from the macula and optic nerve was classified as no PVD, PVD in the macular area with attachment at the disc was classified as incomplete PVD, and complete detachment was classified as complete PVD (0, 1, and 2, respectively, were entered in statistical analysis). Phacoemulsification and posterior chamber intraocular lens (PCIOL) implantation were performed for eyes with significant cataracts. Air-fluid exchange and silicone oil tamonade (SOT) were performed when multiple iatrogenic retinal breaks developed in more than two quadrants. All patients underwent posterior subtenon triamcinolone acetonide injection at the end of the surgery, followed by a standard regimen of antibiotics. Anatomical success was defined as an attached retina with vision better than light perception and an intraocular pressure in the normal range (5-21 mm Hg). Functional success was defined as a BCVA at the final visit better than 20/100 (logMAR 0.7). Car-driving capable visual acuity was defined as better than 20/40 (logMAR 0.3). Statistical analyses were performed using SAS/STAT Software (version 8.2, SAS America, Cary, NC, USA). A P-value less than 0.05 was considered statistically significant.
Results
One hundred and fifteen eyes of 50 male and 65 female patients were included in this study. Intraoperatively, we classified 44 eyes with no PVD, 23 eyes with incomplete PVD, and 48 eyes with complete PVD. Complete PVD patients had significantly longer axial length than the no PVD group and incomplete PVD group (ANOVA between the three groups; P ¼ 0.0001, multiple comparisons by Bonferroni method; Po0.0001 and P ¼ 0.007 each) ( Table 1 ). Age and preoperative logMAR BCVA showed significant differences in the three groups (ANOVA; P ¼ 0.02 and P ¼ 0.001, respectively). In multiple comparisons by the Bonferroni method, age in the complete PVD group was higher than in the no PVD group, showing that complete PVD is more common in the aged diabetic vitrectomy patients (P ¼ 0.03). The group with incomplete PVD showed better preoperative logMAR BCVA compared with the no PVD group and complete PVD group (multiple comparisons by Bonferroni method; P ¼ 0.001, P ¼ 0.005, respectively). The poorer preoperative BCVA in these groups were because of the high incidence of macula off TRD (97.7%) in the no PVD group and vitreous haemorrhage (68.7%) in the complete PVD group. Preoperative scatter laser photocoagulation and lens status showed no significant difference between the groups with different PVD statuses (w 2 ; P ¼ 0.2, P ¼ 0.3). Thirty-three patients received vitrectomy because of vitreous haemorrhage, 37 because of TRD threatening the macula, 43 because of TRD involving the macula, and two because of neovascular glaucoma with vitreous haemorrhage ( Table 2 ). The distribution of diagnoses showed differences in the three PVD groups (w 2 ; Po0.0001). A majority of the cases with broad VRA had TRD involving the macular area (97.7%). All eyes with incomplete PVD showed TRD, but spared the macular area. Eyes with complete PVD had a low incidence of TRD (29.2%), and most cases had only vitreous haemorrhage with few FVPs (68.7%). Vitrectomy combined with phacoemulsification and PCIOL implantation was performed in 92% of the 100 phakic eyes and the rates of concomitant phacoemulsification were not different among the groups (w 2 ; P ¼ 0.1). The extent of VRA was closely associated with a higher rate of SOT (w 2 ; Po0.0001). Cases with less PVD had a higher postoperative rate of recurrence of the tractional epiretinal membrane and TRD (w 2 ; P ¼ 0.01, P ¼ 0.04). The rate of neovascular glaucoma, cataract progression, postoperative vitreous haemorrhage, and rhegmatogenous retinal detachment were not different among the groups. Univariate logistic regression analysis showed that an increase in axial length was a significant predictor of anatomical success (OR 2.361, 1.088-5.123 95% CI). Chi-square analysis showed that the PVD status was associated with improvement of visual acuity after vitrectomy (P ¼ 0.01), attaining a final BCVA420/200 (P ¼ 0.002), a final BCVA420/100 (Po0.0001), and final BCVA420/40 (P ¼ 0.008).
Multiple logistic regression analysis with the stepwise method was performed for anatomical and functional outcomes. Age, gender, preoperative logMAR BCVA, PVD status, axial length, preoperative scatter laser, preoperative subtenon steroid injection, operative diagnosis, pseudophakia before surgery, surgery combined with phacoemulsification, silicone oil tamponade, and gas tamponade were included as independent variables and values of variance inflation factors showed no significant collinearity between these variables. It showed that the PVD status is a significant prognostic factor for attaining a BCVA420/100 (OR 1.932, 1.143-3.266, 95% CI) and a BCVA420/40 at the final visit (OR 1.829, 1.067-3.133, 95% CI) ( Table 3) . Postoperative complications such as NVG, recurrence of tractional ERM, and TRD showed negative correlation with anatomical and functional success (Spearman's rank correlation) ( Table 4) .
Discussion
It has been previously suggested that vitreo-retinal attachments in PDR could possibly serve as a predictive factor of visual and anatomic outcome following diabetic vitrectomy. 2 Eliott classified diabetic vitrectomy cases into six groups according to intraoperative PVD status. 3 He presumed that the extent of VRA could be useful in a grading system for eyes undergoing diabetic vitrectomy. Ikeda et al 9 reported these relationships in a subset of 26 eyes with asteroid hyalosis accompanying PDR treated by PPV. Generally, in non-diabetic eyes, complete PVD occurred less often in eyes with asteroid hyalosis, and partial PVD occurred more often in eyes with asteroid hyalosis than in control eyes. In their study, most of the cases had no PVD and in 76.9% of the cases iatrogenic retinal breaks developed during artificial detachment, which is high compared with the rate in general diabetic vitrectomy. 10 VRA is closely related to the presence of PVD, and enzymatic induction of PVD was reported as beneficial in surgical management of diabetic retinopathy.
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In this study, we found that PVD status (VRA at the macula) may be an important predictor of functional outcomes following diabetic vitrectomy. VRA in diabetic eyes is associated with fibrovascular complex formation. Eyes with extensive VRA required mechanical separation of the tight hyaloid membrane, which resulted in higher rates of membrane reproliferation (36.4%) and postoperative TRD (11.4%), contributing to poorer final visual outcomes. Membrane peeling causes more trauma to the macula, intraoperative haemorrhage, iatrogenic retinal tears, and consequent postoperative glial tissue proliferation. The presence of postoperative complications including neovascular glaucoma, epiretinal membrane formation, and TRD resulted in poorer outcomes. As such, the results appear similar to those for PDR diabetic vitrectomy in other reports. 1, 12 Recently, optical coherence tomography (OCT) has been used to obtain detailed views of the vitreo-macular configuration enabling evaluation of the extent of VRA preoperatively. However, OCT has limitations in eyes with media opacity. In such eyes, PVD is often diagnosed by ultrasonography. However, the presence of PVD can never be definitively established because the level of resolution is not sufficient to reliably image the posterior vitreous cortex. 4 Surgeons may occasionally encounter unexpected, severe conditions because of extensive and broad VRAs. We hypothesized that a correlation between axial length and PVD status might be helpful in such circumstances. Ocular axial length is easily measured with ultrasound biometry and is a routine evaluation for lens surgery, which may be combined with PPV. A positive correlation between onset age of PVD and refractive error was reported in a study of myopia, emmetropia, and hyperopia. 13 The axial length of the eye is an important factor responsible for the development of This study showed (at univariate level) that longer axial length was associated with anatomical success of diabetic vitrectomy. Also, a shorter axial length reflected a higher chance of broad VRA. In cases with media opacity where evaluation of the vitreo-retinal relationship is impaired, surgeons should not ignore that eyes with short axial length may be associated with more extensive VRAs. When performing diabetic vitrectomy in PDR patients with a lack of PVD in whom extensive VRA is anticipated, both careful decision-making regarding the timing of the surgery and extensive informed consent are necessary. Further studies examining the relationship between preoperative treatments that induce artificial PVD, such as intravitreal injection procedures, and surgical outcomes are necessary.
